SUMMARY We compared the mean arterial pressure and heart rate activity of conscious, unrestrained rats during 1-hour and 24-hour continuous recording sessions, 3 to 4 weeks after either sinoaortic denervation, placement of electrolytic lesions in the nucleus tractus solitarii, or sham operations. Sinoaortic denervation and nucleus tractus solitarii lesions both eliminated the reflex bradycardia to a phenylephrine-induced pressor response. No difference was found in the average level and lability of the mean arterial pressure between 1-hour and 24-hour recordings for any group. No elevation in the average mean arterial pressure of rats with nucleus tractus solitarii lesions was observed, although a mild hypertension was noted in half the sinoaortic-denervated rats, while the other half were normotensive. Group differences were not found for heart rate or heart rate variability; however, 24-hour recordings yielded significantly higher values than 1-hour recordings for all groups. Both medullary lesions and sinoaortic denervation significantly increased the lability of the mean arterial pressure, but the magnitude of the increase was significantly greater in the rats with lesions. The lability of the mean arterial pressure in sinoaortic-denervated rats depended largely on movement-related depressor responses that produced a negative skew in the frequency distribution of their mean arterial pressure. Rats with nucleus tractus solitarii lesions exhibited both pressor and depressor responses that resulted in pressure distributions that had a slight positive skew similar to that displayed by control rats. It is concluded that short-term continuous recordings of mean arterial pressure and heart rate accurately estimate the altered cardiovascular activity of baroreceptordenervated rats. T HE cardiovascular response to sinoaortic desurement, the duration of measurement, and the envinervation (SAD) has been studied in rats, ronment in which the arterial pressure was recordcats, rabbits, and dogs.
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long-term effect of NTS lesions in rats is a substantial increase in the variability of the MAP, while the average level of the MAP remains unaffected. 23 Moreover, ambient environmental stimuli had no effect on the average level or lability of the MAP in rats, regardless of the presence or absence of functioning arterial baroreceptor reflexes. However, these determinations were based only on 1-hour continuous recordings of arterial pressure. Longer measurement periods might have demonstrated an elevation in the MAP.
To date, no single laboratory has compared the longterm effects of SAD and NTS lesions in rats using continuous computerized recordings of cardiovascular activity. Therefore, the present study was performed to characterize the cardiovascular profile of rats 3 to 4 weeks after SAD or placement of NTS lesions. In addition, the ability of short-term measurements to assess adequately the altered hemodynamic state of rats after central or peripheral baroreceptor denervation was evaluated by comparing 1-hour and 24-hour continuous recordings of arterial pressure and heart rate (HR).
Materials and Methods
Long-Evans male rats (Charles River, Wilmington, MA, USA) weighing 300 to 400 g were used as subjects. The rats were housed individually in standard laboratory cages, with ad libitum access to food and water. The experimental groups consisted of rats with electrolytic lesions placed in the NTS (n = 10) or SAD (n = 12). The control group consisted of NTS shamoperated (n = 6) or SAD sham-operated (n = 6) rats. All rats were maintained on a 12-hour light, 12-hour dark cycle. Data collection began 3 to 4 weeks after baroreceptor denervation or sham operation. All procedures were conducted in accordance with institutional guidelines for animal care.
Baroreceptor Reflex Disruption
The baroreceptor reflexes were disrupted by placement of lesions in the NTS or SAD. After premedication with atropine sulfate (0.1 mg/kg s.c), the rats were anesthetized with sodium pentobarbital (50 mg/kg i.p.) and placed in a stereotaxic apparatus (Kopf, Tujunga, CA, USA) with the head flexed to an angle of 25 to 30 degrees. To ensure adequate oxygenation, a mixture of 50% oxygen-50% nitrogen or 100% oxygen was blown over the nose through a face mask (2 L/min). Bilateral electrolytic lesions were placed in the NTS at the level of the obex, as described in detail elsewhere. 23 Briefly stated, lesions were made by passing a direct anodal current (0.8 mA) through a Teflon-coated tungsten electrode (outside diameter, 0.18 mm; tip exposure, 0.2 mm) for 5 seconds. After placement of the lesions, a light plane of anesthesia was maintained for 8 to 10 hours after operation with supplemental doses of pentobarbital (16 mg/kg i.p.), as needed. Atropine (0.05 mg/kg s.c.) was supplemented hourly to reduce mucus secretions. All rats spent an additional 8 to 12 hours in a recovery chamber through which the oxygen-nitrogen gas mixture was passed. These procedures were employed to mitigate the acute effects of NTS lesions previously described by Doba and Reis. 17 Use of these procedures has resulted in the survival and healthy recovery of 81 % of all rats receiving NTS lesions. Sham-operated rats were exposed to the same procedures as just described, with the exception that no lesions were made.
Sinoaortic denervation was performed using the method of Krieger." After premedication with atropine sulfate and anesthesia with sodium pentobarbital (50 mg/kg i.p.), the ventral neck region was infiltrated with lidocaine (2%). A 2-to 3-cm midline incision was made, and the sternocleidomastoid muscles were reflected laterally to expose the common carotid arteries, the external and internal carotid arteries, the vagi, and the cervical sympathetic trunks. With the use of a surgical microscope the sympathetic trunk, superior laryngeal nerve, and aortic depressor nerve were sectioned bilaterally. The common carotids, carotid bifurcation, and branches of the internal and external carotid arteries were stripped of all tissue attachments and painted with ethanol. After completion of the operation, all rats were placed in the recovery chamber for 3 to 8 hours. Sham-operated rats were anesthetized, the neck muscles were dissected, and the appropriate nerves were exposed but not sectioned.
Instrumentation
Arterial and venous cannulas were implanted in the rats 3 to 4 weeks after placement of the lesions and 2 days before cardiovascular monitoring was scheduled to occur. With the rats under halothane (2-3% in 100% oxygen) anesthesia, Teflon-tipped Tygon cannulas, 23 filled with heparin (50 U/ml) in normal saline, were inserted into the abdominal aorta and inferior vena cava through the left femoral artery and vein, respectively. The free ends of the cannulas were passed subcutaneously and exteriorized at the top of the skull. Each cannula was threaded through a stainless steel tube, and the tubes were vertically oriented and cemented to the skull with dental acrylic. Upon completion of the operation all rats were treated with a single injection of penicillin G benzathine (Bicillin), 60,000 U. Each rat was then placed in a 30 x 30 X 30-cm Plexiglas cage with a grid floor for the duration of the experiment. The arterial cannula, protected by a lightweight metal spring, was attached to a hydraulic swivel (Instech, Horsham, PA, USA), thereby allowing the rat complete freedom of movement throughout the cage. Patency of the arterial cannula between periods of data collection was maintained by administration of heparinized saline (0.17 ml/hr) with an infusion pump. The venous cannula was flushed daily with 0.1 ml of heparinized saline and sealed with a stainless steel plug except during drug injections. Ad libitum access to food and water was available throughout the experiment.
Cardiovascular Monitoring
Arterial pressure and HR were recorded in the conscious, freely moving rat by connecting the arterial cannula through the fluid swivel to a pressure trans-VOL. 8, No 12, DECEMBER 1986 ducer (Model 800, Bentley Trantec, Irvine, CA, USA) placed at heart level outside the box. Pulsatile and mean arterial pressures and HR, derived by a cardiotachometer (Beckman 9857, Beckman Instruments, Fullerton, CA, USA) triggered by the systolic pulse, were recorded on separate channels of a polygraph (Beckman R611). Pulsatile arterial pressure was sampled at 200 Hz by an analog-to-digital converter and processed by a computer (PDP 11/24, Digital Equipment, Maynard, MA, USA).
Separate 1-hour and 24-hour continous recordings of arterial pressure and HR were made for each rat. The arterial canhula was flushed with sterile heparin solution (0.1 ml) two to three times to maintain recording fidelity during 24-hour recordings. One cardiac cycle and the associated MAP and HR were sampled every 10 seconds for computer analysis, thus yielding 360 and 8460 data points for each variable during the 1-hour and 24-hour recordings, respectively. Frequency histograms were generated for all variables for each hour of each recording period. The mean and standard deviation (SD), an index of lability, were calculated for each frequency histogram. All 1-hour recordings were made in the late morning or early afternoon hours. For half of the rats, the 1-hour recording immediately preceded the 24-hour recording, while the order was reversed for the remaining half of the rats.
Baroreceptor Reflex Testing
The cardiac component of the baroreceptor reflexes was evaluated by determining the increase in interbeat interval (IBI) in response to an acute rise in arterial pressure caused by a bolus injection of phenylephrine {2-A ^tg/kg i.v.). As detailed elsewhere, 23 baroreceptor reflex sensitivity (BRS) was computed as the slope of the change in IBI as a function of increasing systolic arterial pressure (SAP). The slope was found by determining the curve of best fit through the scatter plot of IBI and SAP using the equation Y=a + bX+cX 1 . The mean of the first derivative of all points on the BRS curve was used as a measure of the slope. 24 All tests of the baroreceptor reflexes were performed after the last recording session for each rat.
Histological Study
At the conclusion of the experiment, all rats with NTS lesions were anesthetized with sodium pentobarbital (50 mg i.v.) and killed by intracardiac perfusion with normal saline followed by 10% buffered formalin. The caudal brainstem was removed and stored in buffered formalin. Paraffin sections (15 ^im) were cut serially, mounted, and stained. Consecutive sections were stained by the Kluver-Barrera procedure 25 or with cresyl violet or Weil stains. Microscopic examination of the sections was performed to localize and determine the extent of each lesion.
Statistics
Differences in cardiovascular activity between the NTS lesion, SAD, and control group rats were evaluated for statistical significance using a two-way analysis of variance, with repeated measures on one factor. 26 Post hoc analysis of significant effects was performed with a Newman-Keuls multiple comparisons test. Differences in baroreceptor reflex sensitivity between the groups were analyzed by means of a one-way analysis of variance and Newman-Keuls test. Probability levels of less than 0.05 were considered significant for all tests.
Results

Effect of Nucleus Tractus Solitarii Lesions and on Sinoaortic Denervation on Baroreceptor Reflex Sensitivity
A bolus injection of phenylephrine that increased SAP by 30 to 40 mm Hg caused little or no reflex bradycardia in rats with SAD or NTS lesions. The mean slopes of the BRS curves for the NTS lesion ( -0 . 1 0 9 ± 0.027 msec/mm Hg) and SAD (0.010 ± 0.028 msec/mm Hg) groups did not differ from each other, and both were significantly less than the slope of the control group (0.688 ± 0.092 msec/mm Hg). No correlation existed between baseline HR and BRS in control rats.
Effect of Nudeus Tractus Solitarii Lesions and Sinoaortic Denervation on Arterial Pressure and Heart Rate
There was little variation in the values of the average (mean) level and lability (SD) of the MAP for each hour of a 24-hour recording session ( Figure 1 ). The largest deviation of an hourly MAP from the 24-hour average for any group was only 3 to 4 mm Hg. Not surprisingly then, the average level and lability of the MAP for each group were comparable whether computed from 1-hour (360 data points) or 24-hour (8460 data points) arterial pressure recordings, as summarized in Table 1 . The MAP of the control group tended to be lower during the late morning and early afternoon hours than at night. However, no significant diurnal rhythm was apparent for either the SD or average level of the MAP for any group.
The average MAPs of SAD rats, computed from the 1-hour and 24-hour recording sessions, were slightly but significantly higher than the average 1-hour and 24-hour MAPs of the NTS lesion and control rats (see Table 1 ). The MAP was elevated in the SAD group because half the rats had an average MAP that was higher than the highest value seen in the other two groups ( Figure 2 ). This resulted in a significantly greater variance in the distributions of the means of the individual 1-hour (not shown) and 24-hour recordings of the MAP of SAD rats as compared with the other groups. There was no difference in the lability of the MAP or resting HR between the SAD rats that had an elevated MAP and those that did not.
The lability of the MAP was significantly greater in the SAD and NTS lesion groups, as compared wim the control group (see Figure 1 and Table 1 ). However, the average lability of the MAP of the NTS lesion group during either 1-hour or 24-hour recording periods was significantly greater than that of the SAD group. In addition, there was a notable difference in the characteristics of the lability of the MAP between the groups Time of Day (hrs) (Figure 3 ). Fluctuations in MAP as large as 160 to 180 ram Hg were observed in some rats with NTS lesions. These changes consisted of both pressor and depressor responses and often were unassociated with movement or the occurrence of any overt environmental stimuli. The range of change in the arterial pressure of SAD rats was more restricted than that of the NTS lesion group, with changes in MAP only occasionally exceeding 60 to 80 mm Hg. Moreover, depressor responses seemed to occur much more frequently than pressor responses. The depressor responses often were associated with postural adjustment or ambulation. In contrast to the SAD or NTS lesion rats, the MAP of control rats was relatively stable.
Frequency histograms of 1-hour (not shown) and 24-hour arterial pressure recordings from control rats typically showed narrow ranges and prominent peaks ( Figure 4) . The frequency histograms of SAD and NTS lesion rats demonstrated a much wider dispersion of pressures. Since an apparent flattening and skewing of the MAP frequency distributions of SAD and NTS lesion rats was observed, tests of skewness (G,) and kurtosis (G 2 ), as described by McNemar 27 and Snedecor, a were applied to each 1-hour and 24-hour MAP frequency distribution for all rats. Skewness or kurtosis, or both, is present if the value of G, or G 2 deviates significantly from zero. Evaluation of the 24-hour recordings revealed a significant negative skewing The negatively skewed MAP frequency distributions of SAD rats reflected the increased frequency of occurrence of depressor responses in SAD rats. This type of frequency distribution was observed in all SAD rats regardless of their average MAP or the duration of the recording period. In contrast, both control and NTS lesion rats exhibited a somewhat greater ratio of pressor to depressor events that produced a slight positive skewing of their MAP frequency histograms (see Figure 4) .
Because the frequency distributions of MAP for all groups exhibited significant skewing that could influence the mean value of each distribution, we felt it necessary also to evaluate the median of each frequency distribution, since this measure is not influenced by extreme scores or deviations in symmetry. Table 1 shows the average median value and the average absolute deviation (AAD), an index of lability, of the MAP for the 1-hour and 24-hour recordings for each group. The AAD from the median is analogous to the SD from the mean as an index of dispersion. 29 Despite the significant skewing of the MAP frequency distributions, little difference was found between the average mean and median values of the MAP for any of the groups. Nonparametric analysis 30 of the median and AAD of the MAP revealed the same relationships between 1-hour and 24-hour recordings and between groups as were found by parametric analysis of the mean and SD of the MAP (see Table 1 ).
No significant differences in the mean HR or HR variability were found between the three groups for either 1-hour or 24-hour recordings ( Figure 5 , Table  2 ). However, the HR and HR variability for all groups were higher at night when die rats were more active (see Figure 5) . Thus, the mean HR and HR variability for all groups were significantly higher during the 24-hour as compared with the 1-hour recordings. No consistent deviation in die symmetry of die HR frequency distributions was noted for any of the groups, and nonparametric analyses of these data were not performed. Table 2 shows the average median and AAD of the HR for each group, which generally reflected die same pattern of responses presented by the mean and SD of the HR. No correlation was found between the MAP and HR for any group. Figure 6 depicts the site of maximum damage caused by electrolytic lesions of tiie NTS. The average size of the lesions is shown along with the boundary of the single largest lesion found in any rat. The lesions destroyed die solitary tract and much of die medial NTS. Minor and more variable damage was done to the lateral NTS and dorsal motor nucleus of die vagus in some rats. The site of maximum damage of die lesions was located 8 ± 32 pm rostral to die obex, widi an average rostral-caudal extent of 515 ± 36 /xm. The average diameter of die lesions was 373 ± 34 /xm.
Localization of Lesions
Discussion
The results of die present study indicate diat SAD and lesions of die NTS effectively disrupted normal baroreceptor reflex function. This effect was demonstrated in bodi groups by the lack of reflex bradycardia to a drug-induced pressor response and die destabilization of die arterial pressure, die hallmark of baroreceptor deafferentation. Evaluation of short-term and long-term measurements of cardiovascular activity indicated diat 1-hour continuous recordings assessed me changes in arterial pressure regulation associated widi central or peripheral baroreceptor denervation as adequately as 24-hour continuous recordings. Both measurement periods revealed a small but significant elevation of die average MAP only in SAD rats. The average MAP of die NTS lesion rats did not differ from diat of control animals, dius confirming our earlier findings. 23 There was a significant increase in die lability of the MAP for bodi SAD and NTS lesion rats. However, NTS lesion rats showed significantly greater arterial pressure variability tiian SAD rats. Furthermore, the characteristics of die MAP frequency distributions of NTS lesion, SAD, and control rats were markedly different. The MAP frequency histograms of SAD rats exhibited a pronounced negative skew, while those of control and NTS lesion rats had a positive skew. The observed changes in arterial pressure regulation after central or peripheral baroreceptor denervation were not associated with any change in HR or HR variability.
To our knowledge, the only investigation diat di-' reedy compared die long-term effects of NTS lesions and SAD on mean arterial pressure was performed on dogs; bodi procedures were found to produce sustained hypertension.
n These results disagree with our current findings on die chronic effects of NTS lesions and SAD in rats and with die more recent studies on the effects of die SAD procedure in dogs 3 ' 6 and rats. l3 The reason for diis disparity may be that in die former study die average MAPs of SAD and NTS lesion dogs were determined by recording a single value of die arterial pressure only during periods in which pressure remained stable for at least 10 minutes. Since the hall- VOL 8 Values are means ± SEM. HR = heart rate; SD HR = standard deviation of the HR; AADHR = average absolute deviation of the HR. See Table 1 for key to other abbreviations. *The combined group averages of the 24-hour sessions were significantly greater than those from the 1-hour sessions, as indicated by a significant sessions effect with analysis of variance, p < 0.05. mark of baroreceptor denervation appears to be a marked instability of the arterial pressure, it is debatable whether single measurements made only during brief periods of pressure stability provide an accurate estimate of the actual time-averaged MAP. Furthermore, such a measurement procedure precludes the evaluation and comparison of the variability of the arterial pressure produced by central and peripheral interruption of the baroreceptor reflexes.
Cowley et al. 5 ' 6 proposed that long-term continuous recordings are necessary to determine accurately the average level and lability of the arterial pressure in baroreceptor-denervated animals. They suggested that in previous studies the hypertension observed after SAD was due to intrusive measurement procedures or brief recording periods, or both. Support for their hypothesis was provided by the findings that little or no elevation in MAP was found in dogs 5 ' 6 or rats 13 after SAD when 24-hour continuous recordings of arterial pressure were made in an environment of low ambient stimulation. However, no systematic comparisons were made between 24-hour recordings and measurement periods of shorter duration to determine if the long-term sessions were needed to characterize properly the altered hemodynamics of baroreceptordenervated animals. We have demonstrated that 24-hour continuous recordings are not essential to assess accurately the average level and lability of the MAP in control, SAD, or NTS lesion rats. Continuous 1-hour recordings of arterial pressure provided a satisfactory estimate of the lability and actual long-term average of MAP. In fact, selection of any 1-hour average of the MAP or the SD of the MAP from the 24-hour recordings for any given group (see Figure 1 ) yielded a value that was highly similar to the 24-hour average computed for that group. Moreover, the significant skewing of the MAP distributions of all groups appeared to have little impact on the average level of the MAP. Comparable results were obtained from 1-hour and 24-hour recordings regardless of whether the mean or median value of each MAP frequency distribution was used (see Table 1 ). Thus, our results agree with those of Fink et al. , 31 who found that brief daily recordings of intra-arterial pressure produced an average MAP that was the same as that calculated from continuous 24-hour recordings. However, their measurement procedure precluded assessment of the variability of the MAP during short-term recording sessions.
Although measurement periods of relatively short duration appear to be adequate for the determination of the average level and lability of the MAP, they may not accurately reflect the long-term average HR and HR variability in the rat. As shown in Table 2 , the mean levels of HR and HR variability, regardless of group, were significantly higher when calculated from the 24-hour recordings as compared with the 1-hour recordings. The 1-hour cardiovascular recordings in the present study were always made during the late morning and early afternoon hours, which generally corresponded with the time of least activity and lowest HRs (see Figure 5 ). Since HR is strongly influenced by somatomotor activity, 32 recording sessions that include periods of high activity (night) as well as low activity would be expected to yield higher values for the average HR and HR variability.
Several studies have reported a significant increase in arterial pressure after SAD in the rat.
' "• "•
M However, Norman et al. 13 showed that chronic SAD rats were not hypertensive when 24-hour measurements of arterial pressure were made in an environment of low ambient stimulation. Data from another study also suggested that sustained hypertension was not present after chronic SAD in rats, since no structural changes in the heart or vasculature were detected. 34 A recent report did find significant ventricular hypertrophy after SAD, but only in male rats. 33 In the current investigation, we found a small but significant increase in the average MAP of the SAD group 3 to 4 weeks after denervation. The MAP of the SAD group was higher in comparison to the control and NTS lesion groups even when 24-hour recordings were made under the same environmental conditions. Other studies have shown that after peripheral disruption of the baroreceptor reflexes, some animals exhibit an elevated MAP while others remain normotensive. 614 ' 33 We found that the MAP of the SAD group was increased because half the rats had an average MAP higher than the highest value exhibited by either NTS lesion or control rats (see Figure 2) . Thus, the controversy over whether hypertension is observed after chronic SAD may, to some extent, depend on the relative balance between the number of animals that exhibit an elevated arterial pressure and those that do not.
The reason for the elevated arterial pressure in some rats after SAD is unknown. One possibility may be that the level of the MAP after SAD may depend on the preSAD blood pressure and baroreceptor reflex function. We did not determine preSAD arterial pressure and baroreceptor reflex function because of the technical difficulty in maintaining patent cannulas in rats for the extended periods required for both predenervation and postdenervation measurements. However, the BRS of SAD rats that were normotensive was not significantly different from that of SAD rats that exhibited an elevated MAP. Alternatively, we evaluated only the cardiomotor component of the baroreceptor reflexes. Thus, it is possible that sufficient reflex control of vasomotor tone remained in some SAD rats such that normotensive arterial pressures were maintained. This may have occurred because aberrantly coursing arterial baroreceptor afferents were carried in the vagi of some rats. However, other investigators have suggested that increased MAP lability is indicative of disrupted baroreceptor reflex function. 57 Therefore, the possibility that selective cardiomotor baroreceptor denervation occurred seems unlikely since the increase in the lability of the MAP was reasonably uniform for all SAD rats.
The slightly elevated arterial pressures seen in some of the SAD rats could be due to inadvertent destruction of cardiopulmonary afferents carried in the vagus. Typically, SAD animals are quite hypertensive initially, 33 
"
37 but eventually arterial pressure falls to nearly normal levels. 333 * It has been hypothesized that the reduction of arterial pressure after the initial hypertensive stage in SAD animals may be due to tonic inhibition of sympathetic activity by cardiopulmonary afferents. 3839 Kezdi et al. 38 have shown increased C-fiber activity from cardiopulmonary receptors after SAD in dogs and suggest this may be sufficient to return pressure to normal or near normal levels. However, Walgenbach and Donald 36 found that, although cardiopulmonary reflexes do exert tonic vasomotor inhibition, this is insufficient to maintain pressure near normal levels in the absence of the arterial baroreceptor reflexes. Furthermore, if damage to the cardiopulmonary reflexes accounted for the mild hypertension in some rats after SAD, then the arterial pressure of all rats with NTS lesions should be similarly elevated, since vagal afferents project densely to the area of the NTS that is consistently destroyed by the lesions. VOL 8, No 12, DECEMBER 1986 vious study, rats in which NTS lesions were placed several weeks earlier have normotensive pressures. 23 Therefore, some mechanism other than disruption of cardiopulmonary reflexes must be responsible for the differential elevation of arterial pressure after SAD.
Arterial pressure was more variable after lesions of the NTS than after SAD. It is possible that the presence of intact cardiopulmonary reflexes in the SAD preparation may continue to partially buffer moment-tomoment changes in arterial pressure. 38 As mentioned before, the dense projections of the cardiopulmonary afferent fibers to the NTS 18 should have been destroyed by placement of the lesions. Thus, the greater lability of the MAP in NTS lesion rats could be due to the combined disruption of the baroreceptor and cardiopulmonary reflexes. However, the findings of two studies fail to support this argument. First, Thoren 39 suggests that the slowly reacting cardiopulmonary receptors seem to be relatively insensitive to the mbment-to-moment changes in blood pressure seen after baroreceptor denervation. Second, Walgenbach and Donald 36 recently showed that cardiopulmonary deafferentation did not affect the lability of the arterial pressure in dogs, in either the presence or absence of functioning arterial baroreceptor reflexes. Therefore, it is doubtful that concomitant destruction of the baroreceptor and cardiopulmonary reflexes contributed markedly to the differences in the lability of arterial pressure of the SAD and NTS groups. A more likely explanation may be attributed to the destruction by the lesions of second-order neurons in the NTS and fibers of passage from other areas of the brain involved in cardiovascular regulation.
We do not know the exact mechanism (or mechanisms) responsible for the difference in the shape of the MAP frequency distributions of SAD and NTS lesions rats. However, we noted that depressor responses were frequently associated with changes in body position or locomotion in SAD rats, an observation made in several other studies. 31 ' 4041 In contrast, the direction of change in the MAP of NTS lesion rats was not necessarily related to such behavior. Sinoaortic-denervated rats have been shown to exhibit augmented vasodepressor responses to centrally applied catecholamines. 40 Since SAD does not affect the integrity of neurons on which baroreceptor afferents terminate, an enhanced vasodepressor response to central catecholamines could be a consequence of both a loss of baroreceptor reflex feedback and an increased catecholamine sensitivity of medullary neurons involved in cardiovascular regulation. Although the role of central catecholamines in movement-related cardiovascular adjustments is unknown, the increased frequency and magnitude of depressor events in SAD rats may be dependent on the disruption of normal somatomotorbaroreceptor reflex integration. Alexander et al. 42 recently proposed a link between cortico-somatomotor integration and baroreceptor reflex function by demonstrating a reduction in tyrosine hydroxylase activity and dopamine content in the caudate and substantia nigra of SAD rats. Furthermore, group HI and IV muscle afferents involved in cardiopulmonary adjustments to exercise have been shown to project directly to the medial NTS at the level that baroreceptor afferents also terminate. 43 Because NTS lesions destroy the primary terminations and many of the second-order neurons mediating baroreceptor input, the ability of other structures to influence or be influenced by the activity of these cells is lost. Thus, the more extensive destruction by the lesions of pathways involved in sympathetic modulation are probably responsible for the difference in the characteristics of arterial pressure lability after central versus peripheral baroreceptor denervation.
In summary, we have demonstrated that short-term continuous recordings of arterial pressure and HR can provide an accurate estimate of the changes in cardiovascular regulation of either centrally or peripherally baroreceptor-denervated rats. We found that only SAD produced a significant increase in the average MAP. However, the magnitude of the elevation of arterial pressure may be somewhat fortuitous. In the present study, only a mild hypertension was noted in the SAD group because half of the rats had elevated arterial pressures, whereas the other half were normotensive. Other studies reporting more severe hypertension may have contained a greater proportion of animals with elevated arterial pressures. We also showed that both central and peripheral disruption of the baroreceptor reflexes produced a significant increase in the lability of the MAP. However, arterial pressure was significantly more variable after NTS lesions than after SAD. The lability of arterial pressure of SAD rats depended largely on brief, movement-related depressor responses that resulted in a negative skewing of their MAP frequency distributions. Rats with NTS lesions exhibited a greater incidence of pressor responses, yielding a slight positive skew in their MAP frequency distribution similar to that of control rats. Although the differences in the average level and lability of the MAP of SAD and NTS lesion rats may depend on the actions of the cardiopulmonary reflexes, a more probable explanation may be ascribed to the additional destruction by the lesions of central neurons and pathways participating in cardiovascular regulation. R A Buchholz, J W Hubbard and M A Nathan baroreceptor-denervated rats.
Comparison of 1-hour and 24-hour blood pressure recordings in central or peripheral
